As an attempt to follow through on the claims made by proponents of intentional vocabulary learning, the present study set out to examine whether and how digital flashcards can be incorporated into a university course to promote the vocabulary learning of English language learners. The overall research findings underscore the value of learning vocabulary with digital flashcards as an alternative to more conventional resources, and draw attention to the relative merits of embedding digital flashcards in collaborative learning tasks in classroom settings. This article then concludes by considering practical implications for supporting intentional vocabulary learning with the use of digital flashcards.
Introduction
Methods of learning words with or without deliberate attempts are known as the intentional versus incidental learning in vocabulary research. While each approach has its merits and proponents, intentional vocabulary learning is of particular interest to this study. According to Elgort and Nation (2010) , deliberate techniques, such as learning from vocabulary notebooks, word lists, and word cards, are useful approaches for achieving the acquisition of second language (L2) vocabulary effectively and efficiently. Based on a series of experimental studies, Elgort (2011) asserted that intentional learning of vocabulary is more efficient than incidental learning, as the latter often requires long-term and extensive exposure to linguistic input, and such naturalistic language learning conditions are not commonplace in English as a foreign language (EFL) contexts or other foreign language learning environments. In contrast, intentional learning of vocabulary speeds up learners' process of lexical development due to focused repetition or memorization strategies, which can be completed individually in a short period of time. It has also been argued that the retention rates of intentional vocabulary learning are generally higher than those obtained with incidental learning (Hustijn, 2003) , suggesting that deliberate attempts to learning vocabulary are effective and worth the effort.
The general rationale for intentional vocabulary learning is grounded in Schmidt's (1990) noticing hypothesis, which states that noticing is the necessary condition for second language acquisition. As applied to lexical development, language learners must consciously notice L2 features in the input and pay deliberate attention to form-meaning connections of vocabulary items to optimize L2 learning. It is for this reason that vocabulary is commonly taught explicitly and directly in foreign language classrooms to compensate for the limited exposure and resources that may otherwise be available. However, Nation (2011) cautioned against over application of explicit vocabulary instruction with teacher-imposed vocabulary exercises. Among various vocabulary learning techniques, he particularly advocated that teachers should guide their students to make use of word cards in learner-centered ways. As he argued, "Well directed deliberate vocabulary learning using word cards is very effective and much more efficient than teaching and vocabulary exercises" (p. 536).
Word cards are a set of double-sided cards designed for direct learning of vocabulary that allow learners to practice form-to-meaning and meaning-to-form recall in repeated retrieval of L2 words, by flipping the front and back sides of the cards. Given how they are used, word cards are also called flashcards, and may vary in form, ranging from printed to digital versions. While word cards or flashcards have long been used in language classrooms, the recent rapid growth in educational technology has just aroused the interest of lexical researchers. However, the effects of digital flashcards on vocabulary acquisition and the pedagogical implications of this have yet to be comprehensively investigated.
As an attempt to follow through on the claims made by proponents of intentional vocabulary learning (e.g. Elgort, 2011; Hustijn, 2003; Nation, 2011) , this article aims to provide a practical view of implementing digital flashcards to facilitate learners' vocabulary acquisition in EFL settings. Through a classroom-based experiment, this study aims to investigate how digital flashcards can be integrated into deliberate learning tasks to improve students' vocabulary learning outcomes and experiences.
Previous Research on Intentional Vocabulary Learning
Using word cards or word lists to deliberately learn lexical items is a common practice among L2 learners. At their simplest, these intentional vocabulary learning techniques differ in the medium that lexical forms and meanings are presented, either on a set of double-sided cards or a sheet of paper. In practice, learning vocabulary with word lists has a relatively long history, and it was especially popular at the time when the Grammar Translation method dominated language teaching. Numerous vocabulary researchers have stressed the value of list learning. For instance, Yamamoto (2014) investigated how Japanese EFL university students used word lists in their out-of-class vocabulary learning processes, and to what extent explicit list learning led to gains in vocabulary. The students reported adopting and combining various learning strategies along with their self-study of the vocabulary list, among which memorization and repetition were the most important ones. The students would look at, write down, and/or read aloud the words repeatedly to reinforce their rote learning of the vocabulary items. Furthermore, the students' learning outcomes were satisfactory, as they were found to increase both their receptive and productive vocabulary size. These results demonstrate that word lists are useful in helping learners to focus on form and meaning simultaneously for repeated retrieval.
Word cards can be viewed as a variation of word lists, and are believed to offer more flexibility in creating interactive vocabulary activities for classroom teaching or self-testing. Building on the benefits of list learning, a few recent studies have extended the implementation of word lists to word cards that come in various delivery forms, such as paper-and web-based flashcards. For example, Komachali and Khodareza (2012) investigated the effects of using paper-based flashcards on Iranian EFL pre-university students' vocabulary knowledge. The results indicated that the use of flashcards significantly helped the students' vocabulary growth, compared to traditional vocabulary instruction without such aids.
Along the same line of promoting deliberate learning techniques, some vocabulary researchers have further compared the effects of learning with word lists and cards among EFL learners. Spiri (2008) adopted a free online flashcard tool, WordChamp, in a comparison study of Japanese university students drilling with digital flashcards versus printed word lists. As expected, the students who studied vocabulary on WordChamp outperformed those who studied with the word lists, while both of the learning techniques assisted the students in acquiring vocabulary. In another study that compared Japanese junior high school students' English vocabulary learning with word lists, word cards, and computer drills, Nakata (2008) found that the computer group achieved the highest retention rates, followed by the paper-based word card group and then the word list group. Based on these two empirical studies, flashcards appear to be more effective than word list, regardless of their delivery form.
It is also important to note that, in the literature reviewed above, the word cards or lists were mostly provided by the teacher for use by individuals in out-of-class or self-study contexts. Little research has been conducted on learner-generated word cards or lists, and on their possible applications in collaborative learning activities in classroom settings. Since intentional learning techniques are claimed to enhance direct teaching of vocabulary (Nation, 2011) , and also encourage learner autonomy (Laufer, Meara, & Nation, 2005) , it is worthwhile to explore optimal ways in which such techniques can be integrated into vocabulary instruction and placed in the curriculum context. To address these limitations in the literature and respond to the current trends of technology enhanced language learning, this article thus focuses the discussion on the use of digital flashcards as an intentional vocabulary learning technique.
Method

Setting and Participants
This research was conducted at a public university in Taiwan, where students learn English as a foreign language. All the participants (N=75) were drawn from three intact classes of first-year English majors, averaging 25 www.ccsenet.org/elt English Language Teaching Vol. 8, No. 10; 2015 students per class. The students' ages ranged from 18 to 20 years. Based on their placement test scores, the majority of the students were intermediate level learners of English, while a small number of them were at the lower-intermediate level. They all enrolled in a required language course that was designed to develop students' English proficiency in all four skills, while also expanding their vocabulary knowledge. In the course under investigation, the students met three hours per week in a multimedia classroom, which was equipped with an individual desktop computer for each seat.
Digital Flashcard Implementation
Study Stack (http://www.studystack.com) is a free website that allows users to create their own flashcards for any subject. It is also recommended as one of the most popular and useful digital flashcard tools among high school and university students in the United States (Green & Bailey, 2010) . For this reason, it was chosen as the vocabulary learning tool for the purpose of this work. Study Stack offers students a wide range of study options to review information in the way that best suits their needs. One feature that makes Study Stack stand out from other flashcard tools is its affordances that allow students to automatically generate and customize various study activities and learning materials based on user input. In other words, the learner-generated flashcards on Study Stack can be practiced online in various game-based learning activities (e.g. Crossword and Hangman), or be printed out in different layout options to mimic traditional materials, such as word cards, word lists, and quizzes.
In this course, Study Stack was implemented as an intentional vocabulary learning tool for use in a vocabulary learning task, which required the students to choose at least five words from each weekly lesson to create their own digital flashcards for vocabulary learning. A 30-minute self-study session was set aside for the students to log into their personal accounts of Study Stack for task completion on a weekly basis for a duration of four weeks. The flashcard content should contain aspects of word knowledge, with the form and part of speech of each vocabulary item on one side of a flashcard, and its meaning on the other (i.e. L1 translation and L2 usage in the form of collocations or sentences). The completion of this vocabulary learning task accounted for 20 percent of the course grade. The students were also encouraged to practice their digital flashcards as a means to review the course content out of class.
Research Design and Procedure
This study involved three instructional conditions that were defined by varying task designs of flashcard use during the prescribed self-study sessions in class. These included 1) A self-practice format: The participants created five flashcards on their own and studied the material by themselves. 2) A pair-exchange format: The participants created five flashcards individually and took turns to exchange and study the flashcards with different peers, based on the instructor's random pairing assignments. 3) A group-based format: The participants first made five flashcards on an individual basis, and then collaboratively decided on ten useful words to be included in their group-based flashcards for later practice and review.
The length of the study was nine weeks. In weeks 1-2, the participants were introduced to intentional learning techniques and took part in a series of vocabulary exercises to help them improve their study skills, followed by a workshop on Study Stack. In week 3, the participants took a 100-item translation test as a pre-test to assess their prior knowledge of the possible target words chosen from the four course lessons. To ensure that the participants started the study without prior knowledge of the target items, only the items that were unknown to all of them were considered as the final target words to be included in the post-test. The results of the pre-test led to the inclusion of 20 target words for the post-test. During the four-week implementation of vocabulary learning task (weeks 4-7), the three groups were randomly assigned to three different instructional conditions, as mentioned above. In week 8, an attitudinal questionnaire based on Davis' (1989) Technology Acceptance Model (TAM) was administered to all the participants in class. The questionnaire consisted of nine five-point Likert scale items (where 1 represents strongly disagree and 5 indicates strongly agree) that were evenly devoted to three sub-scales, including perceived usefulness, perceived ease of use, and intention to use. It was used to survey the students' attitudes, particularly their acceptance of digital flashcards for vocabulary learning. Lastly, in week 9, the participants were assessed in their retention of the 20 target words with a timed recall quiz that asked them to translate the target words from L1 to L2. This assessment served as a post-test of the study.
Results
The gathered data, including the vocabulary test scores and attitudinal questionnaire results, was examined using one-way ANOVA and post-hoc Tukey tests to establish the potential of digital flashcards to afford a variety of www.ccsenet.org/elt English Language Teaching Vol. 8, No. 10; 2015 vocabulary learning tasks, and determine which task design led to better learning outcomes. Table 1 presents a comparison of the statistical results for the three groups' vocabulary learning performance, as influenced by varying formats of learning tasks. The results indicated that the students who used digital flashcards to learn vocabulary collaboratively in small groups outperformed those in the other two experimental conditions in the post-test (group-based > peer-exchange > self-practice; F = 15.981; p < .001), with no significant group differences found in the pre-test (F = .131; p = .878). In the analyses of the participants' attitudes toward the use of flashcards, not only did the group-based format lead to higher means than the other two (see Table 2 ), but the statistical results also demonstrate a consistently significant effect (p < .001) in each of the three TAM sub-scales of the attitudinal questionnaire (usefulness: F = 42.767; ease of use: F = 26.549; intention to use: F = 54.865). A further analysis was conducted to assess the overall results of the TAM-based attitudinal questionnaire, using one-way ANOVA and post-hoc Tukey tests. As shown in Table 3 , the students learning with the group-based format had a significantly higher level of acceptance about the vocabulary learning task than seen with the other two groups (group-based > peer-exchange > self-practice; F = 118.9400; p < .001). In a broader sense, engaging students in collaborative learning tasks (in this case, the group-based and peer-exchange formats of task design) led to better learning outcomes, with respect to vocabulary gains and TAM-related attitudes, than having them study on their own individually. 
Discussion and Implications
This study set out to examine whether and how digital flashcards can be incorporated into a university course to promote the vocabulary learning of Taiwanese EFL learners. The findings of this research are congruent with those of previous studies (e.g. Nakata, 2008; Spiri, 2008) , which suggests that the use of digital flashcards has potential to help learners enhance their vocabulary learning performance and elicit more favorable perceptions of intentional vocabulary learning. Notably, while former studies mostly investigated learners' flashcard use in out-of-class settings, the positive results observed in the present study extend their application to classroom use. Furthermore, the results of this study support the integrated use of digital flashcards in classroom-based tasks, with the small group design being superior to the pair and individual ones. These results also echo the trend for computer-supported collaborative learning (CSCL), which maintains that the use of computers and technologies creates a fostering environment that supports learning collaboratively rather than individually, with more satisfying learning outcomes (Stahl, Koschmann, & Suthers, 2006) .
The findings of the current study have practical implications for supporting intentional vocabulary learning with the use of digital flashcards. As in other studies, this research has shown that flashcard use allows for the act of retrieving information from memory, known as the testing effect (Roediger & Karpicke, 2006; Karpicke & Roediger, 2007) . Instructors may thus advise students to use flashcards for self-testing or repeated retrieval of words, and students should be made aware of the robust benefits of using flashcards to learn vocabulary deliberately. More importantly, students should be educated about the effective use of flashcards (e.g. the amount and timing of practice), and this can be implemented through explicit strategy instruction in regular language courses or additional study skills workshops targeting first-semester freshmen.
A unique aspect of the present study is the collaborative learning potential of flashcard use. This research has demonstrated that while learning vocabulary with flashcards is considered more of an individual task, this intentional learning technique can be repurposed for collaborative learning tasks, with a sound instructional design, to allow for better peer support. Likewise, Newton (2001) put forward various design options for vocabulary learning techniques that promote collaborative learning, among which making flashcards is recommended as one practical approach. From the CSCL perspective, instructors may incorporate digital flashcard tools to have students work collaboratively and expose them to the interactive use of vocabulary, such as co-constructing vocabulary flashcards, testing each other on new words, and negotiating word meanings in communication. Ideally, the proposed technique of learning vocabulary deliberately with digital flashcards can and should be used to provide collaborative learning opportunities for lexical development in and out of class.
Conclusion
The overall findings of this study underscore the value of learning vocabulary with digital flashcards as an alternative to more conventional resources, and draw attention to the relative merits of embedding digital flashcards in collaborative learning tasks in classroom settings. This study, however, is limited in documenting the process and quality of students' actual use of digital flashcards for vocabulary learning. Future research may conduct more in-depth analyses on these aspects, using a qualitative method. Large-scale survey studies could also help to reveal students' perceptions of why and how they implement digital flashcards for individual or collaborative study.
